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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

(Case No. 00-1081) 

In the Application of: ,, ."- ) 

Lentsch Graf, et al. ) 

; ) Examiner: TBA 

Serial No.: U.S. Nat'l Phase of PCT/FR00/00730 ) 

) Group Art Unit: TBA 

Filing Date: March 23, 2000 ) 

■ ■ * r . 

For: Use of Trehalose for Stabilizing a 

Liquid Vaccine ■ ., ( ' 

PRELIMINARY AMENDMENT 



Asst. Commissioner for Patents . 
Washington, D.C. 20231 . , - • 

Dear Sir: " , 

Please consider the following amendments and. remarks before examination on the 

merits. 

• AMENDMENTS 

In the claims: 

Please amend the claims as follows: 

1. (Amended) A liquid vaccine, composition comprising at least one antigen consisting 
• of a polysaccharide bound to a . carrier protein, wherein it additionally comprises 

trehalose. 1 

2. (Amended) The vaccine composition as claimed in claim 1, wherein said 
polysaccharaide is the capsular polysaccharide of Haemophilus influenzae type b or 
Polyribosylribitol Phosphate. ; , r . ^/ 



1 
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3. (Amended) The vaccine composition as claimed in claim 1, wherein said 
polysaccharide is a pneumococcal polysaccharide. 

4. (Amended) The vaccine composition as claimed in claim 1, wherein said 
polysaccharide is a meningococcal polysaccharide 

5. (Amended) The vaccine composition as claimed in claim 1, wherein the said carrier 
protein is tetanus toxoid. 

6. (Amended) The vaccine composition as claimed in claim 1, wherein said carrier 
protein is diphtheria toxoid. 

7. (Amended) The vaccine composition as claimed in claim 1, wherein the quantity of 
trehalose is between 3 and 12% by mass. 

8. (Amended) The vaccine composition as claimed in claim 1, wherein the quantity of 
trehalose is about 5%. 

9. (Amended) The method of stabilizing a liquid vaccine composition comprising at 
least one antigen consisting of a polysaccharide bound to a carrier protein, wherein it 
consists in adding trehalose to the vaccine composition. 

10. (Amended) The method as claimed in claim 9, wherein the quantity of trehalose to be 
added is between 3 and 12% by mass. 



REMARKS 

The foregoing amendments merely correct formal matters and remove all multiple 
dependencies in order to reduce the filing fee and bring the claims into conformance with 
U.S. practice by removing multiple dependent claims that depend from multiple dependent 
claims. No new subject matter has be introduced by way of these amendments. Clean and 
redlined versions of the amended and new claims accompany this submission. 

If there are. any questions or comments regarding this Preliminary Amendment or 
application, the Examiner is encouraged to contact the undersigned attorney as indicated 
below. 

Date: September 18, 2001 

Telephone: 312-913-0001 
Facsimile: 312-913-0002 



Respectfully submitted, 

Michael S. GreeMjld 
Registration No. 5 % 142 

McDonnell Boehnen Hulbert & 
Berghoff 

300 South Wacker Drive 
Chicago, IL 60606 
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Redlined Version of Amended Claims 

(Amended) A liquid vaccine composition comprising at least one antigen consisting of a 
polysaccharide bound to a carrier protein, characteriz e d in that wherein it additionally 
comprises trehalose. 

(Amended) The vaccine composition as claimed in claim 1, charact e rized in that wherein 
said polysaccharaide is the capsular polysaccharide of Haemophilus influenzae type b or 
Polyribosylribitol Phosphate. 

(Amended) The vaccine composition as claimed in claim 1, characterized in that wherein 
said polysaccharide is a pneumococcal polysaccharide. 

(Amendcd) The vaccine composition as claimed in claim 1, characteriz e d in that wherein 
said polysaccharide is a meningococcal polysaccharide 

(Amended) The vaccine composition as claimed in th e pr e c e ding claimsl, charact e riz e d 
in-teat wherein the said carrier protein is tetanus toxoid. 

(Amended}The vaccine composition as claimed in th e pr e c ed ing claimsJL, characterized 
inrthat- wherein said carrier protein is diphtheria toxoid. 

(Amended) The vaccine composition as claimed in the preceding claims_l, characterized 
in that wherein the quantity of trehalose is between 3 and 12% by mass. 

{Amended}The vaccine composition as claimed in- the pr e c e ding claims _J_, characterized 
m-tha^ wherein the quantity of trehalose is about 5%. 

(ArnendecQThe method of stabilizing a liquid vaccine composition comprising at least 
one antigen consisting of a polysaccharide bound to a carrier protein, charact e riz e d in 
that wherein it consists in adding trehalose to the vaccine composition. 

(Amended) The method as claimed in claim 9, charact e riz e d in that wherejn the quantity 
of trehalose to be added is between 3 and 12% by mass. 
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Clean Version of Amended Claims 

1. A liquid vaccine composition comprising at least one antigen consisting of a 
polysaccharide bound to a carrier protein, wherein it additionally comprises trehalose. 

2. The vaccine composition as claimed in claim 1, wherein said polysaccharaide is the 
capsular polysaccharide of Haemophilus influenzae type b or Polyribosylribitol 
Phosphate. 

3. The vaccine composition as claimed in claim 1, wherein said polysaccharide is a 
pneumococcal polysaccharide. 

4. The vaccine composition as claimed in claim 1, wherein said polysaccharide is a 
meningococcal polysaccharide 

5. The vaccine composition as claimed in claim 1, wherein the said carrier protein is 
tetanus toxoid. . 

6. The vaccine composition as claimed in claim 1, wherein said carrier protein is 
diphtheria toxoid. 

7. The vaccine composition as claimed in .claim 1, wherein the quantity of trehalose is 
between 3 and 12% by mass. 

8. The vaccine composition as claimed: in claim 1, wherein the quantity of trehalose is 
about 5%. < 

9. The method of stabilizing a liquid vaccine composition comprising at least one antigen 
consisting of a polysaccharide bound to a carrier protein, wherein it consists in adding 
trehalose to the vaccine composition. 

10. The method as claimed in claim 9, wherein the quantity of trehalose to be added is 
between 3 and 12% by mass. 
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USE OF TREHALOSE FOR STABILIZING A LIQUID VACCINE 

The invention relates to the field of vaccines. More 
particularly, the invention relates to liquid vaccine 
5 compositions comprising, among their antigens, at least 
one polysaccharide bound to a carrier protein. 



Such vaccine compositions, some of whose antigens have 
to be bound to carrier proteins in order to be 

10 immunogenic, are known in the prior art. This is in 
particular the case for compositions intended for 
vaccination against infections caused by the bacterium 
Haemophilus influenzae type b, which comprise, as' 
vaccine antigen, the capsular polysaccharide of the 

15 bacterium or Polyribosylribitol Phosphate (PRP) coupled 
to the tetanus toxoid T. Such vaccine compositions tend 
to lose 1 their immunogenicity , and therefore their 
efficacy, over time. To overcome this drawback, the 
solution generally proposed in the prior art is freeze- 

20 drying. This solution, which is satisfactory from the 
point of view of the result obtained as regards 
preservation of immunogenicity, has, nevertheless, the 
disadvantage of making the method of manufacture 
cumbersome, . and therefore of increasing the cost 

25 thereof. In addition, at the time of administration of 
the vaccine, it is necessary to carry out an additional 
operation of taking up the freeze-dried product in a 
sterile liquid, which, on the one hand, represents an 
additional constraint .for the practitioner and, on the 

30 other hand, comprises, like any manipulation, the risk 
of being poorly carried out. It is therefore desirable 
to find another solution to the problem of the loss of 
immunogenicity, over time, of the polysaccharide 
antigens bound to a carrier protein when they are 

35 present in a liquid vaccine composition. 



To this end, the invention provides a 
composition comprising at least one ant 



liquid vaccine 
igen consisting 
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of a polysaccharide bound to a carrier protein, 
characterized in that it additionally comprises 
trehalose . 

5 Thus, a vaccine composition is obtained which, although 
liquid, preserves it immunogenic character over time, 
even when it is stored at room temperature. 

The subject of the present invention is also a method 
10 of stabilizing a liquid vaccine composition comprising 
at least one antigen consisting of a polysaccharide 
bound to a carrier protein, characterized in that it 
consists in adding trehalose to the vaccine 
composition . 

15 

The method according to the invention has the advantage 
of being simple and fast, which makes it a method of 
choice for a manufacturer. 

20 Numerous other advantages of the present invention will 
emerge on reading the detailed description which 
follows . 

The vaccine composition according to the invention may 
25 be a monovalent composition, that is to say that it is 
intended for protection against a single disease, or a 
multivalent composition, that is to say that it is 
intended to protect the individual to whom it has been 
administered, against several diseases. In all cases, 
30 at least one of the vaccine valencies is represented by 
a polysaccharide antigen bound to a carrier protein. 
Among the polysaccharide antigens capable of entering 
into the composition of a vaccine and of being 
stabilized according to the invention, there may be 
35 mentioned the polysaccharides present in the capsules 
of bacteria, the polysaccharides present in the walls 
of Gram-negative bacteria or the polysaccharides 
present in the walls of fungi. Thus, it is possible to 
use the polysaccharides encountered in the following 
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microorganisms: Pseudomonas (for example P. 

aeruginosa), Saphylococcus, Steptococcus (for example 
S. pneumoniae), Klebsiella (for example K. pneumonia), 
Salmonella (for example S. typhi and S. paratyphi), 
5 Escherichia coli, Neisseria (for example N. 
meningitidis), Shigella (for example S. dysenteria, 
somnei or f lexneri) , Haemophilus (for example H. 
influenzae type b) , Moraxella, Vibrio cholerae, 
Mycobacterium tuberculosis, Candida, Cryptococcus 
10 neoformans and Hansenula. 

The present invention has shown all its benefit for 
vaccine compositions comprising the capsular 
polysaccharide of Haemophilus influenzae type b or 
15 Polyribosylribitol Phosphate. 

The polysaccharides generally used as vaccine antigens 
generally exhibit the characteristic of being T- 
independent, that is to say in particular that the 

20 memory of the immune system in relation to such 
antigens is weak and that these polysaccharides are 
generally not immunogenic in young children. To make 
them T-dependent, it is customary to combine them with 
carrier proteins (protein, for the purposes of the 

25 present invention, also includes peptides or 
polypeptides) in order to obtain a polysaccharide- 
carrier protein conjugate. These proteins are in 
particular those normally used in the field of 
vaccines: diphtheria toxoid, tetanus toxoid, nontoxic 

30 mutant form CRM197 of diphtheria toxoid, outer membrane 
protein type 1 (0MP1) of Neisseria meningitidis, as 
well as any native or synthetic peptide or polypeptide 
capable of fulfilling the same function, for example 
the peptides described in patent application 

35 W098/31393. 



The binding of the polysaccharide to the carrier 
protein can vary according to the polysaccharide and 
the protein used. It generally involves covalent 
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bonding, which can call into play a spacer arm. 
According to the mode of binding used, the antigen 
obtained, which is generally called conjugate, is an 
antigen in which the polysaccharide is bound to the 
5 carrier protein by a single chemical functional group 
(conjugates of the sun or neoglycocon j ugate type) or by 
several functional groups (conjugates of the scraper or 
coil type) . 

10 As the vaccine composition according to the invention 
may be multivalent, it is possible to add to the 
antigen consisting of the polysaccharide-carrier 
protein conjugate one or more other valencies also 
consisting of a polysaccharide-carrier protein 

15 conjugate, or of any other different type of antigen. 
Among the other valencies which may enter into the 
vaccine composition according to the invention, there 
may be mentioned in particular: whooping cough, polio, 
diphtheria, tetanus, hepatitis (A, B, C and the like), 

20 varicella, mumps, measles, Dengue, j Japanese 

encephalitis, yellow fever, rubella, influenza, 
meningitis, pneumonia, and the like. 

The vaccine composition according to the invention may 
25 comprise, in addition, all the components usually 
present in a vaccine: buffer or physiological saline, 
preservative and one or more adjuvants. 

According to a characteristic of the invention, this 
30 vaccine composition comprises, in addition, trehalose 
in a sufficient quantity to allow the immunogenicity of 
the antigen consisting of the polysaccharide conjugate 
to be maintained over time. 

35 Trehalose or a-D-glucopyranosyl a-D-glucopyranoside is 
a disaccharide known for its protective action in 
relation to proteins when they are subjected to high 
temperatures, in particular during drying or freeze- 
drying operations. According to the teaching of 
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document US 4 891 319, its protective action may be 
explained by a replacement of the water molecules by 
trehalose molecules, the 2 compounds comprising OH 
functional groups . 

5 

Trehalose is also known in the prior art as a cell 
protectant . 

Surprisingly, and without this being deducible from the 
10 known properties of trehalose, it has now been found 
that this compound makes it possible to preserve the 
immunogenicity of, vaccine compositions, even in the 
case where the latter might not be subjected to a rise 
in temperature or to a drying process. 

15 

On the other hand, other sugars tested which are known 
to have properties similar to trehalose, in particular 
lactose,, did not lead to satisfactory results! 

20 According to a particular characteristic of the 
invention, it has been observed that a quantity of 
trehalose of between 3 and 12%, and preferably 5, was 
satisfactory to solve the problem of stability of the 
vaccine composition. At this concentration, no toxicity 

25 reaction was revealed. 

The trehalose suitable for the purposes of the 
invention should be a trehalose of pharmaceutical 
quality, without it being necessary, nevertheless, for 
30 it to have an absolute degree of purity. The trehalose 
provided by the company SIGMA under the reference T9531 
is perfectly suitable . 

The trehalose may be added at the beginning of the 
35 method of manufacture; it may also be added to the 
formulation at the end of the method, alone or in the 
form of a mixture with other excipients . 
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The following 
embodiment of 

Example 1 

5 

Three different vaccine compositions are prepared by 
proceeding in the following manner: 

a- Manufacture of 4 stock solutions of excipients 
10 • 50 mM solution of Tris Hydroxyl Amino Methane - 42.5% 
sucrose 

Composition for 1 liter: 
6.0 6 g Tris Hydroxyl Amino Methane 
425 g sucrose 
15 Water for injection qs 1 liter 

• Solution of trehalose at 20% 
Composition for 400 ml 
Trehalose: 80 g 

2 0 Water for in j ection qs 4 00 ml 

pH = 7 ± 0.1 after adjusting with a 2 . 5N sodium hydroxide 
solution 

• 2M solution of sodium chloride 
25 Composition for 1 liter 

Sodium chloride: 117 g 

Water for injection qs 1 liter 

• 50 mM Tris Hydroxyl Amino Methane 
30 Composition for 1 liter 

Tris Hydroxyl Amino Methane: 6.06 g 
5N HC1: 8.54 ml 

Water for injection qs 1 liter 
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examples illustrate more particularly one 
the invention. 



35 b- Production of 3 solutions of excipients (A, B, C) from 
the preceding 4 stock solutions. The volumes of the 
stock solutions used are indicated in the table below: 



Stock solutions 


Excipient 1 


Excipient 2 


Excipient 3 


50 mM Tris Hydroxyl 
Amino Methane 
solution, 4z.o-6 
sucrose 


72.6 ml 


0 


U 


20% trehalose 
solution 


0 


100 ml 


200 ml 


2M sodium chloride 
solution 


0 


19 ml 


0 


50 mM Tris Hydroxyl 
Amino Methane 
solution 


0 


72.6 ml 


72.6 ml 


Water for injection 


qs 363 ml 


qs 363 ml 


qs 363 ml 



c- Each solution of excipient is sterilized by filtration 
on a Millipack 60 filter having a cut-off of 0.22 urn. 

d- To obtain each of the vaccine compositions, there are 
added ' to a 500 ml Schott flask, sterilized by 
autoclaving, in the order: 2 90 ml of each of the 
solutions of excipients prepared and then 29'. 6 ml of a 
composition containing PRP-T and sucrose. The flasks 
are stirred for 5 minutes at room temperature and then 
for 2 hours at 4°C. 

e- Each composition is distributed into glass serum 
bottles which are kept for 6 months at 25 °C. 



The final composition of each formulation is summarized 
in the following table: 





Composition A 


Composition B 


Composition C^ 


PRP-T 

<ug of 

polysaccharide/ml) 


20 


20 


20 


Tris Hydroxyl 
Amino Methane (mM) 


10 mM 


10 mM 


10 mM 


Sucrose (%) 


8 . 5% 


0.78% 


0.78% 


Trehalose (%) 


0% 


5% 


10% 


NaCl (mM) 


0 


0.095 mM 


0 
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Example 2 

Five groups of 8 female OF 1 mice, weighing 22 to 
24 grams, are available. The mice are divided into 
5 groups of 8. Each group is used to test one of the 
vaccine compositions A, B or C obtained in example 1, a 
vaccine composition serving as negative control 
(comprising only noncon j ugated PRP) and a vaccine 
composition serving as positive control which consists 
10 of the vaccine Act-Hib™ marketed by the company PASTEUR 
MERIEUX Serum and Vaccins. 



0 . 5 ml of the vaccine composition to be tested, 
corresponding to 2 . 5 pg of polysaccharide, is 
15 administered to each mouse, by the subcutaneous route. 
Each mouse receives one injection at DO and one booster 
injection at D14. 

The serum of each mouse is collected at DO, D14 and 
20 D21. 

Example 3 

The sera collected are assayed by RadioImmunoAssay . The 
25 results obtained are exploited in the following manner: 

• The geometric mean is calculated from the titer of 8 
sera . 

• The % of responsive mice (serum having a titer > 0.5) 
30 is determined. 

• The difference between the titers obtained at D14 and 
D21 is calculated so as to evaluate the effect of the 
booster in j ection . 



35 The product is declared to be in conformity when the 
following 3 conditions are met: 

• At D21, at least 75% of the mice have a titer >=0.5. 

• The difference between the titers obtained at D14 and 
D21 is statistically significant. 
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• The difference in titer between the product tested 
and the positive control is not statistically 
significant at D21. 

5 The results obtained are summarized in the following 
table : 





GMT at D14 


GMT at D21 


Conformity of 
the product 


Negative control 


< 0.09 


0.05 




Positive control 


< 0.1 


1.3 


+ 


Composition A 


0.33 


0.99 




Composition B 


0.13 


1.6 


+ 


Composition C 


0.11 


2.9 


+ 



These results show that the vaccine compositions 
10 according to the invention preserve their 
immunogenicity after storage for 6 months at 25°C. 

Tests carried out in the same manner on compositions 
stored at 37 °C showed that a composition according to 
15 the invention, comprising 5% trehalose, retained its 
immunogenic character even after 3 months of storage. 
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CLAIMS 



1. A liquid vaccine composition comprising at least 
one antigen consisting of a polysaccharide bound 
to a carrier protein, characterized in that it 
additionally comprises trehalose. 

2. The vaccine composition as claimed in claim 1, 
characterized in that said polysaccharide is the 
capsular polysaccharide of Haemophilus influenzae 
type b or Polyribosylribitol Phosphate. 

3. The vaccine composition as claimed in claim 1, 
characterized in that said polysaccharide is a 
pneumococcal polysaccharide . 



4. The vaccine composition as claimed in claim 1, 
characterized in that said polysaccharide is a 
meningococcal polysaccharide . 



The vaccine composition as claimed in one of the 

preceding claims, characterized in that said 
carrier protein is tetanus toxoid. 

The vaccine composition as claimed in one of the 

preceding claims, characterized in that said 
carrier protein is diphtheria toxoid. 



7. The vaccine composition as claimed in one of the 
preceding claims characterized in that the 
quantity of trehalose is between 3 and 12% by 
mass . 



The vaccine composition as claimed in the 
preceding claims, characterized in that the 
quantity of trehalose is about 5%. 



A method of stabilizing a liquid vaccine 
composition comprising at least one antigen 
consisting of a polysaccharide bound to a carrier 
protein, characterized in that it consists in 
adding trehalose to the vaccine composition. 

The method as claimed in claim 9, characterized in 
that the quantity of trehalose to be added is 
between 3 and 12% by mass. 
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(57) Abstract 
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Case No.: 01-1081 

DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 
the invention entitled: 

Use of Trehalose for Stabilising A Liquid Vaccine 

the specification of which is the same as PCTYFR00/00730. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I 

I acknowledge the duty to disclose inforrnation which is material to patentability as defined in 37 CFR § 1 .56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT international application which designated at least one 
country other than the United States, listed below and have also identified below, by checking the box, any foreign 
application for patent or inventor's certificate, or PCT international application having a filing date before that of the 
application on which priority is claimed. 

Prior Foreign Applications): 

Number Country Day/Month/Y ear Filed 

1. 99/03765 France 23 March 1999 

2. 

I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional application(s) listed below: 
Application Number Filing Date 

1. 

2. 

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or § 365(c) of any PCT 
international application designating the United States, listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United States or PCT international application in the manner 
provided by the first paragraph of 35 U.S.C. § 1 12, I acknowledge the duty to disclose information which is material 
to patentability as defined in 37 C.F.R. § 1.56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application. 

Application Number Filing Date 

1 . PCT/FR00/00730 23 March 1999 

2. 

I hereby appoint the practitioners associated with the Customer Number provided below to prosecute this application 
and to transact all business in the Patent and Trademark Office connected therewith, and I direct that all 
correspondence be addressed to that Customer Number. 

Customer Number: 020306 

Principal attorney or agent: Michael S. Greenfield 
Telephone number: 312-913-0001 
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ERT & BERGHOFF 
OUTH WACKER DRIVE 
\GO. ILLINOIS 606O6 
3 HONE (312)913-0001 



Customer Number: 020306 

Principal attorney or agent: Michael S. Greenfield 
Telephone number: 312-913-0001 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Full name of first inventor: Sandrine Lentsch Graf 



Inventor's signature: j^^Lt^ laJncL. Date: AwffZ^L^ 2ao i 

Residence: 10, rue Janin, F-69004 Lyon, France ~ 

Citizenship: A Citizen of France ' \^ r~y^ 

Post Office Address: 10, rue Janin, F-69004 Lyon, France 



Full name of second inventor: Jean Rene Cartier (deceased) 



Date: 

Signed by: , Legal Representative of the Estate of Jean Rene Cartier 

Inventor's Residence: 55, rue Juliot Curie, F-69005 Lyon, France 

Inventor's Citizenship: A Citizen of France 

Inventor's Post Office Address: 55, rue Juliot Curie, F-69005 Lyon, France 

Representative's Residence: 

Representative's Citizenship: A Citizen of 

Representative's Post Office Address: 
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inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 
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Use of Trehalose for Stabilising A Liquid Vaccine 
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I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT international application which designated at least one 
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provided by the first paragraph of 35 U.S.C. § 112, 1 acknowledge the duty to disclose information which is material 
to patentability as defined in 37 C.F.R. § 1.56 which became available between the filing date of the prior 
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